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CLAIMS 

/ITT a biocompatible fluid adhesive protein foam, 

which is bioresorbable and nontoxic, for surgical 
and/or therapeutic use, in particular for 
5 protecting/cicatrizing tissue wounds and for attaching 
biological tissues to each other or to an implanted 
biomaterial, characterized in that it comprises a 
biocompatible fluid adhesive protein matrix, which is 
bioresorbable and nontoxic, containing a biocompatible 
10 and nontoxic gas or mixture of gases. 

2 The adhesive foam as claimed in claim 1, 

characterized in that the adhesive matrix consists of, 
or comprises, an at least partially polymer- 
ized/crosslinked protein compound which is nontoxic, 
biocompatible and biodegradable and which has adhesive 
properties, said protein compound optionally being 
chemically modified. 

3 The adheVve foam as claimed in either of 
claims 1 and 2, ^racterized in that the protein 
compound consists of>sor comprises, a protein or a 
mixture of proteins seized from collagen, gelatin, 
albumin, elastin and fi^nogen, preferably from 
collagen and albumin. 

4 The adhesive foam as cf^ed in any one of 
25 claims 1 to 3, characterized in\that the protein 

compound consists of, or comprises, coKagen. 
5. The adhesive foam as claimed in claim 4, 

characterized in that the protein compound consists of, 
or comprises, native collagen, native collagen which is 
chemically modified, especially by methylation, by 
succinylation or by oxidative cleavage in particular 
with the aid of periodic acid or a salt thereof, native 
collagen without telopeptides or nonhydrolyzed collagen 
which has at least partially lost its helical 
structure, consisting mainly of a chains the molecular 
weight of which is close to 100 kDa (heated collagen) . 
6 The adhesive foam as claimed in claim 4, 

characterized in that the protein compound consists of, 
or comprises, heated collagen. 
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7>s^ The adhesive foam as claimed in any one of 

claim^S^ to 6, characterized in that the protein 
compoundi^-~^^rossl inked with a reactive polymer of 
molecular we ight^^Ttigijer than 1000, preferably selected 
5 from macromolecular^>>l^Caldehydes and hydrophilic 
polymers capable of react inj^^^^bfeij^^e protein compound, 
in particular with respect to ^?T«n=i^ or sulfhydryl 
functions . 

g_ The adhesive foam as claimed in claim 7, 

10 characterized in that the macromolecular polyaldehyde 
is selected from oxidized polysaccharides or 
mucopolysaccharides, preferably from starch, dextran, 
agarose, cellulose, chitin, chitosan, alginic acid, 
glycosaminoglycans, hyaluronic acid and chondroitin 
15 sulfate, and the derivatives or mixtures thereof, more 
preferably from starch, dextran and hyaluronic acid. 
9_ The adhesive foam as claimed in claim 8, 

characterized in that the macromolecular polyaldehyde 
comprises oxidized starch. 

10. The adhesive foam as claimed in claim 7, 

characterized in that the hydrophilic polymer is chosen 
from derivatives of poly (ethylene) glycol (PEG), 
poly(oxyethylenes) , poly (methylene glycols), 

poly(trimethylene glycols) and poly (vinylpyrrolidones) , 
25 derivatives of PEG being the most preferred. 

1^. The adhesive foam as claimed in any one of 

claiXs 1 to 9, characterized in that the adhesive 
matrix \cons is ts of, or comprises, heated collagen 
crosslinked^with oxidized starch. 

12. The adhesive foam as claimed in any one of 
claims 1 to 3 7 to 9, characterized in that the 
adhesive matrix coi^s4^ts of, or comprises, albumin 
crosslinked with oxidize^Kstarch . 

13. The adhesive foani-a^ claimed in any one of 
35 claims 1 to 3, 7 and 12, cha^?^erized in that the 

adhesive matrix consists of, or^omprises, albumin 
crosslinked with a reactive polymer. 
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14 . The adhesive foam as claimed in any one of 

Xaims 1 to 3, characterized in that the adhesive 
matsrix consists of, or comprises, a fibrin glue. 
-1_5_ \. The adhesive foam as claimed in any one of 
claims NL to 14, characterized in that the gas is 
selected f^m air, nitrogen, oxygen and carbon dioxide 
or the mixreire of one or more of these gases, 
preferably from\air, carbon dioxide and nitrogen, air 
being most particxHarly preferred. 

16. The adhesivk foam as claimed in any one of 
claims 1 to 15, characterized in that the volume of gas 
represents 2 5 to 90% ofXthe total volume of the foam, 
preferably 40 to 75%. 

17. The adhesive foam \s claimed in any one of 
claims 1 to 16, characterized\n that the foam contains 
one or more biologically active \ubstances . 

18. The adhesive foam as claimed in any one of 
claims 1 to 17, characterized in fc^at it is tightly 
attached to a collagen film. 

A process for producing a biocompatible fluid 
adhesive protein foam, which is bioresorbable and 
nontoxic, for surgical and/or therapeutic use, in 
particular for protecting/cicatrizing tissue wounds and 
for attaching biological tissues to each other or to an 
implanted biomaterial, characterized in that it 
comprises extemporaneously mixing, in a homogeneous 
manner, a protein compound which can be 
polymerized/crosslinked, and which is potentially 
adhesive, with a polymerization/crosslinking agent so 
as to form a fluid biocompatible adhesive protein 
matrix material, which is bioresorbable and nontoxic, 
and a biocompatible and nontoxic gas or mixture of 
■ gases with this fluid adhesive protein matrix material 
or with one of the basic constituents of such a 
material solubilized in aqueous medium. 

The process as claimed in claim 19, 
characterTz^eU^J^ that the protein compound in solid 
form, in part i^^IlS^--rn~-4ihe form of fibers or of dry 
powder, is mixed extemporanSotisJ^ywith a buffered 
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jueous solution with the aid of heating means, and in 
tha^^M^he polymerization/crossl inking agent is supplied 
to the mix^feiire . 

21. The prot^e.ss as claimed in either of claims 19 
and 20, characteri^^d^rn^^^thatthe protein compound is 
as defined in any one of claims 3— to 6 . 

22. The process as claimed in claim 19, 
characterized in that the protein compound consists of, 
or comprises, native collagen in the form of an aqueous 
solution at a concentration of between 1 and 5%, 
preferably 2.5 and 4% by weight. 

22, The process as claimed in claim 19, 

characterized in that the protein compound consists of, 
or comprises, heated collagen solubilized in aqueous 
medium at a concentration of between 4 and 20%, 
preferably between 5 and 18% by weight. 

2A. The process as claimed in either of claims 19 

an^\21, characterized in that the protein compound 
consiltfe^^of , or comprises, albumin solubilized in 
aqueous ^Ji^^ijom at a concentration of between 2 0 and 
50%, pref erably^^40 to 50%. 

25. The process\as claimed in any one of claims 19 
to 24, characterized nn^hat the polymerization/cross- 
linking agent is a reactd>e^lymer as defined in any 
one of claims 7 to 10. ^ 

26. The process as claimed in claim 25, 
characterized in that the polymerizat ion/crosslinking 
agent is a macromolecular polyaldehyde solubilized in 
aqueous medium at a concentration of between 0.5 and 
10% by weight, preferably between 1 and 3% by weight. 

27. The process as claimed in any one of claims 19 
to 23 and 25">o^6 , characterized in that the protein 
compound consists^^&v^r comprises, native collagen or 
heated collagen, and ^i^e polymerizat ion/crosslinking 
agent is oxidized starch^ 

28. The process as claimec^H^ any one of claims 19 
to 21, 2 3 and 26, 27, charactered in that the 
proportion of macromolecular polyald^vde to heated 
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^^llagen is l/lO to 1/160, preferably 1/15 to 1/50, the 
mining temperature being between 35 °C and 41°C. 
2 9. \ The process as claimed in any one of claims 19 
to 22\ and 25 to 27, characterized in that the 
5 proportn>on of macromolecular polyaldehyde to native 
collagen \s between 1/10 and 1/50, preferably 1/10 to 
1/30, and\he mixing temperature is between 18°C and 
37°C. \ 

30. The p^cess as claimed in any one of claims 19 

10 to' 21, characterized in that the protein compound has 
been modified Vemically or by oxidative cleavage 
beforehand, in p^ticular by treatment with periodic 
acid or a salt thereof, and in that the polymerization 
agent consists of aViffer at slightly alkaline pH so 
15 as to allow the poVmerization/crosslinking of the 
protein compound at an a^roximately neutral pH. 

31. The process as cliaimed in any one of claims 19 
to 21, characterized in\ that it comprises mixing 
fibrinogen with thrombin, in\aqueous solution . 

32. The process as claim^ in any one of claims 19 
to" 31, characterized in that Ve gas is selected from 
air, nitrogen, oxygen and carboriv dioxide or the mixture 
of 'one or more of these gases ,\preferably from air, 
carbon dioxide and nitrogen,\ air being most 

25 particularly preferred. 

33. The process as claimed in anyone of claims 19 
to 32, characterized in that the gas \s combined with 
one or more of the constituents foX the adhesive 
protein matrix. 

30 34. The process as claimed in any one ^f claims 19 

to 33, characterized in that the gas is combiVied with a 
biocompatible and nontoxic vehicle, preferabl.^ formed 
from a protein compound as claimed in claim 21. 

35. ' The process as claimed in any one of claW 19 
35 to 33, characterized in that the gas is supplied\with 

the aid of the polymerization/crosslinking agent and/or 
of the vehicle in pulverulent or lyophilized form. 

36. The process as claimed in any one of claims 
to' 33, characterized in that the gas is supplied with' 
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he aid of the protein compound in pulverulent or 
lybphilized form. 

37 _ N,^^ The process as claimed in any one of claims 19 
to 3 6/\characterized in that the volume of gas 
5 introducedN^presents 25 to 90% of the total volume of 
the adhesive preferably 40 to 75%. 

38. The proce^^as claimed in any one of claims 19 
to 37, characterize^Nin that it comprises introducing 
one or more biologicab>y^active substances into the 

10 adhesive protein matrix mate^-dal . 

39. The process as claimed in claim 38, 
characterized in that the biologically active 
substance (s) is (are) combined with a biocompatible and 
nontoxic vehicle which is optionally the vehicle for 

15 the gas or the mixture of gases. 

4'«. The process as claimed in any one of claims 19 

toSs, characterized in that the adhesive fluid protein 
foam iVproduced by transferring the mixture back and 
forward b^*^een two syringes. 
20 41. The process as claimed in any one of claims 19 

to 40, characte^s^ed in that the gas is introduced into 
the adhesive matriX^^terial (matrix in the process of 
forming) . 

42. The process as ci^imed in any one of claims 19 
25 to 40, characterized in thkt the gas is introduced at 

the time of mixing the const ib^^ents for the formation 
of the adhesive matrix. 

43. The process as claimed in one of claims 19 
to 42, characterized in that the gasNsS mixed with the 

30 adhesive matrix material so as to give a\^emperature of 
between 18°C and 41°C 
<^ A kit for preparing a biocompatible fluid 

lesive protein foam, which is bioresorbable and 
nontoxic, for surgical and/or therapeutic use, in 
35 part^ular for protecting/cicatrizing tissue wounds and 
attaching biological tissues to each other or an 
implanti)!3i^ biomaterial, characterized in that it 
comprises'V potentially adhesive protein compound which 
be polyhjerized/crosslinked, solubilized in aqueous 
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edium, and a polymeri zat ion/crosslinking agent, for 
rming a biocompatible fluid adhesive protein matrix, 
wl\ich is bioresorbable and nontoxic, a biocompatible 
nontoxic gas or mixture of gases and means for 
exte\riporaneously mixing the constituents , protein 
compound in aqueous solution and polymerization/cross- 
linkin^ agent for forming the adhesive matrix, and said 
gas or vnixture of gases. 
45. Vrhe kit as claimed in claim 44, characterized 
in that Vt comprises a first container containing the 
potential\y adhesive protein compound in pulverulent, 
dehydratedX and optionally sterilized form, a second 
container containing an optionally sterile buffered 
aqueous soli3tion, means for supplying a polymeriz- 
ation/crosslirWing agent to the solubilized protein 
compound and means for mixing the content of the first 
and second contViners , and means for using a gas in 
said mixture and p^roducing the foam. 

4"S~: --^-JThe kit as claimed in either of claims 44 and 

45, characterT'^B-d^^^in that the protein compound, the 
polymerizat ion/crosslin!ctTig...^.^^ag^ and the gas are as 
defined in any one of claims 21tS^3-a-. 

n. The kit as claimed in claim 44, characterized 

inVthat it is in the form of two syringes equipped with 
mixi\g means, in which one of the syringes contains the 
protern compound in aqueous solution and the other 
contains the polymerization/crossl inking agent. 
4"5"-r\^ The kit as claimed in any one of claims 44 to 
47 ^ chara5t^e^iz^d in that the gas is combined with the 
protein compound andToT — wiUa-_the polymerizat ion/cross- 
linking agent . 

4.9 . The kit as claimed in claim 45 , characterized 

in that said mixing means make it possible to pass the 
mixture from one syringe to the other several times so 
as to\ ensure the formation of the foam using the gas 
included in the syringe containing the pulverulent 
protein compound . 

-^Xlie_kit as claimed in any one of claims 44 to 

48, characterized Tri ttta-fe — ■tiia.__gas is combined with a 
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brtacompatible and nontoxic vehicle, preferably formed 
f orm a>protein compound as claimed in claim 21. 
51. The^'^kd^t as claimed in any one of claims 44 to 

48, characterized 3rn-^tha±^ comprises a third syringe 
containing the gas opt ionallry- combined with a vehicle. 

The kit as claimed in claim 51, characterized 
that the vehicle also contains one or more 
^gically active substances. 

The kit as claimed in any one of claims 44 to 
52 /"^characterized in that the polymerization/cross- 
linking\^gent and/or the vehicle is in lyophilized 
form. 

54. The usK^^^^of a fluid adhesive protein foam as 

claimed in any onsN^f claims 1 to 18, for preventing or 
stopping the bleedingSof vascular or tissue wounds, for 
attaching biological tib^ques, including live tissues, 
to each other or to an ^i^planted biomaterial, for 
cicatrizing surgical or chronrtSs. wounds , protecting or 
sealing sutures, preventing T54:ie formation of 
postoperative adhesions, delivering bi>silogically active 
substances in particular with medicin^ for local 
application and filling tissue caviti^^^ (bone, 
cartilage, skin lesions, etc) . 



